The first comprehensive study of abundance, richness and distribution of Mbuna in Lake Malawi was carried out in the 1980s. The present study examined changes of species richness and abundance of Mbuna with time. Most sites demarcated during the 1980s survey were explored in order to determine changes in abundance and composition of Mbuna over a period of more than 20 years. Chi-square analysis revealed significant difference (p < 0.05) in abundance of Mbuna between 1983 and 2005 with the exception of Chinyankhwazi and Chinyamwezi where the difference was not significant (p > 0.05). Cluster analysis showed changes in species composition between 1983 and 2005 in various sites. Generally, there were more species lost in a given area than new species observed in 2005. Decline in Mbuna species richness might have been caused by siltation, harvesting of Mbuna for food and ornamental fish trade while new species were mostly introduced through translocation from one part of the lake to another.
Introduction
 Lake Malawi is in the most southern basin of the Great African Rift Valley. With a north-south length of 600 km and maximum width of 75 km, it is the third largest in Africa and the ninth in the world. The lake has surface area of about 28,000 km², a maximum depth of 785 m and mean depth of 292 m [1] . It is renowned worldwide for its large number of species most of which are endemic. With over 700 species, it has the largest number and the most diverse communities of fresh water fish species in the world [2, 3] . Mbuna are the largest species flock restricted in the rocky habitats of less than 40 m depth. Speciation of Mbuna is mostly attributed to allopatry and sympatry through sexual selection [3] .
Because of their sedentary habits, most of the Mbuna rarely migrate long distances from their locality. The resultant isolation of communities has created species endemic not only to the lake but to certain restricted areas within the lake itself. In turn, this aspect has led to adaptive speciation of fish species, which is said to be more diverse than of the Darwin finches of the Galapogas Islands [4] . The Government of Malawi through the Department of National Parks and Wildlife established the LMNP (Lake Malawi National Park) in 1980. It comprises of 13 islands, rocks and reefs located at the southern part of the lake in the districts of Mangochi and Salima (Fig. 1) . The primary objective of establishing the park was to protect representatives of Lake Malawi's aquatic communities and their habitats with special reference to the rocky lakeshore and its specialist cichlid communities.
Malawi generally and the lakeshore areas in particular are experiencing ecological and environmental degradation because of a very dense and increasing human population whose livelihood depends on the utilisation of a limited and diminishing natural resource. Concern exists that the resource base of arable land, forests, wildlife and fish is threatened by unsustainable utilization which will lead to habitat damage by bottom dredging fishing gears, siltation caused by deforestation and farming, and depletion of fish stocks by over-fishing.
The most comprehensive study on rock dwelling fish (Mbuna) of Lake Malawi was a survey conducted by Ribbink et al. [5] . It provides an inventory and abundance descriptions of specific taxa of fish within the rocky areas of the lake. In terms of numerical abundance, the descriptions were not specific but gave ranges of numbers of individuals of fish that could be seen. The current study surveyed most of the sites that were covered by Ref. [5] in order to compare the status of species richness reported in 1983 to that of 2005 (this survey) so as to determine changes in species diversity and composition. The study also explored the degree to which sites have maintained their similarities in terms of species composition over a period of more than 20 years.
Methods and Data

Sampling Sites
Underwater observations with the aid of SCUBA diving were employed in studying Mbuna in Lake Malawi during the period August 2004-October 2005. SCUBA surveys were undertaken in the following areas: Chinyamwezi rock, Chinyankhwazi rock, Thumbi West Island (11 sites), Nkhudzi Spit, Kanchedza Island, Crocodile Rocks, Nkopola, and Boadzulu Island (4 sites) in the southern part of the lake; Mbenji Island (4 sites) in the central part of the lake; Kande (2 sites), Nkhata-Bay (2 sites), Chilumba (2 sites), Likoma Island (6 sites) and Chizumulu Island (3 sites) in the northern region of the lake (Fig. 2 , Table 1 ). The same sites surveyed by Ribbink et al. [5] were studied, except in Chilumba where a new site was added (Table 1) . Sites in southern and central Lake Malawi were sampled during the period August-November 2004 while the sites in northern region were surveyed during the period July-October 2005. No sampling was done during the rainy season due to turbidity which is high in the inshore waters.
Fish Identification
Prior to the underwater observation, a list of expected fish taxa at each site was compiled based on Ref. [5] . All special documented features of specific fish taxa such as body colour, size and shape, habitat type and depth preferred were compiled in advance to assist with identification during SCUBA diving, following Refs. [5, 6] . Although some of the species have subsequently been described, names used by Ref. [5] were used in order to facilitate comparison of species presence, abundance and richness between this study and Ref. [5] .
Fish Census Methods
Line transects were used to record fish species and their abundance. A transect comprised of two poles with two holes drilled two meters apart connected with two ropes of 25 m length tied through the two holes. Each line transect covered an area of 2 m × 25 m (50 m 2 ). It was used in more or less uniform size bottom substratum offering a regular terrain where a uniform depth contour could be followed. Fish taxa and their abundance in transect were recorded by two [5] using line transects were sampled hence sites which required point transects were not covered during this survey so that data could be subjected to robust comparative statistical analyses.
In almost all the sites, except Kande and Croccodile rocks, transects were laid at six depths, namely 1 m, 3 m, 5 m, 10 m, 15 m, and 20 m. Sampling beyond 20 m depth was not done for the safety of divers. Most Mbuna species are likely to have been encountered as they are restricted to the waters of 20-meter depth [5] . Sampling was done during the daytime and all sites were visited once. After setting transect lines, the fish were allowed to recover from the effect of diver disturbance and then counting was done. Data collected included name of species observed and number of individuals for each species.
Data Analysis
Changes in Species Richness
A study by Ribbink et al. [5] provides data on number of species observed at each of the six sampling depths covered in this survey for each of the sites. The number of species data for the 1983 survey was compared to that of 2005 (this study). This involved determining (i) the number of common species that were observed during both studies, (ii) number of species observed in 1983 only at a given site but not reported during the 2005 survey and (iii) number of species observed during the 2005 survey only but not reported by Ribbink et al. [5] . In addition number of species data at each of the depths was subjected to Chi-square analysis to determine if there was significant change in the species richness status during the two surveys. The Chi-Square test was carried out using the software STATISTICA [7] . This analysis was carried out on all the sites covered except Kande and Chilumba where Ribbink et al. [5] did not provide species count for Kande and for Mpanga Rocks at Chilumba.
Cluster Analysis-Time Comparison of Species Composition among Sites
Species presence-absence data was used to compare current study data (2005) to that of Ref. [5] . Species data was coded as either present (1) or absent (0) to create binary matrices, which were used to determine similarity of sites in a locality. The binary matrices were analysed with the computer program NTSYSpc version 2.11c [8] . Pairwise similarity matrices were computed using SM (simple matching) coefficient [9] . The similarity matrices were used to construct dendrograms from the SAHN (Sequential Agglomerative Hierarchical and Nested) clustering method using the UPGMA (Unweighted Pair-Group Method with Arithmetical averages) [10] .
Bootstrap analysis, which is a method for determining confidence limits of clusters or groupings produced by UPGMA-based dendrograms, was performed using Win Boot program [11] . In order to obtain statistically accurate bootstrap P values at 95% level, 2,000 repetitive samplings of the data were performed for all dendrograms. SM which was the same coefficient used in NTSYSpc version 2.11 to construct dendrograms was used in the computation of the bootstraps [9] . The program used its own system clock to generate random number seed values to randomly sample the data matrix resulting in random data (bootstrap) matrices of the same size as the original matrix, which the program uses to produce dendrograms. The frequency with which a particular group (cluster) appears among all the dendrograms constructed provides an indication of the degree of support for that group. The frequency of occurrence of a particular cluster is given in percentages. In this case percentages are considered to be statistical tests (confidence limits) on the validity of the various clusters. The higher the percentage, the greater the confidence that a particular cluster is true, rather than being an artifact of the clustering process. The resultant bootstrap dendrograms were then combined into a majority-rule consensus tree to obtain an overall bootstrap estimate of the dendrogram [12] .
The dendrograms were constructed on 1983 data [5] and also data from this survey. The sites included in this analysis were Thumbi West Island, Southeast arm sites, Mbenji Island and Likoma Island.
Results
Species Richness
The general trend was that there were more species observed in 1983 than in 2005. Summary of Chi-square analysis of species richness is provided in Table 2 .
With the exception of Chinyankhwazi and Chinyamwezi, there was significant difference in the Table 3 and the listing of actual species missing or gained in 2005 are provided in Table 4 . The general trend was that there were more species missing in the 2005 survey than those newly reported but not observed by Ref. [5] . A remarkable decline in the number of species was reported at Nkhata-Bay and yet no new species were reported in the two sites sampled (Table 4) .
Similarities of Thumbi West Island Sites
Dendrograms of similarities on sites at Thumbi West Island are presented in Fig. 3 . In 1983, sites C and D shared 89% of the species while sites A and B shared 85% of the species. Site F shared 83% of its species with A, B, C and D. The most outgroup site was E which shared 78% of the species with the rest of the sites. A noticeable change in species composition was observed in this study where C and E shared the highest number of species (85%), followed by sites B and D, 81%. Site A is only sharing 75% of its species with B and D, while Site F is an outgroup. This suggests that considerable changes in species composition between sites have taken place at Thumbi West Island. An additional species P. tropheops "gold otter" was recorded on the island which was not observed by Ribbink et al. [5] . The bootstrap values for the 1983 cluster are generally higher than those of the 2005 cluster.
Similarities of Southeast Arm Sites
Similarity dendrograms for Southeast arm sites are presented in Fig. 4 . Relatively minor changes in species composition were depicted in Southeast arm compared to Thumbi West Island (Fig. 3) . In 1983, Crocodile Rocks shared 86% of the species with Nkopola while Kancheza shared 84% of the species with Nkudzi. Boadzulu emerged as an outgroup. In the 2005 survey, Kanchedza and Nkudzi had a major shift in species composition, the two sites clustered with very low bootstrap value compared to 1983. On the other hand, the species composition at Crocodile Rocks and 
Similarities of Mbenji Island Sites
There was no change in the clustering of sites on (Fig. 5) .
Similarities of Likoma Island Sites
In 1983, there were two main clusters of sites on the Island where Membe, Maingano and Mbako sites cluster together while the other three sites formed a second cluster. The two clusters separated with high bootstrap values. In 2005, the pattern changed, Mkulawe site clustered with Mbako forming a sub-branch of one major cluster while Ndumbi and Masimbwe formed a second major cluster. The bootstrap values for the two major clusters were weaker than those of the 1983 dendrogram (Fig. 6 ).
Discussion
A change in species richness of Mbuna was observed during the 22 year period both in protected and unprotected areas, although almost all the sites still maintained at least 70% of the species that were reported in 1983. The highest retention of species was observed in the protected areas although not significantly different from unprotected areas (p > 0.05). The highest species losses were reported in Nkhata-Bay (30%) followed by most of the islands outside or far away from the Lake Malawi National Park offices at Cape Maclear, which range from 10% to 17.6%. One of major threats to species diversity and abundance of Mbuna is catching Mbuna for food either as by-catch of such gears as "chilimira" (Off-shore seine net) or direct catch for food by fishermen who camp on the islands. These have special gillnet that uses to catch Mbuna for food while on the islands. A practice observed is that the fishermen save "utaka" (Copadichromis spp) and other prime fish species for sale while they themselves subsist on Mbuna. Decline in species diversity and abundance was observed on Mbenji Island site B, while Ribbink et al. [5] recorded 29 species but this survey found only five species recorded by Ribbink et al. [5] in low densities.
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Mbuna are known to have highly localized distributions, yet studies carried out on different parts of the lake have been reporting additional species which were not reported by Ribbink et al. [5] . For instance, Genner et al. [13] reported that since 1996, 12 Mbuna taxa have been reported in Nkhata-Bay that were absent from the previous surveys. These have not been recruited as a result of migration but they have been translocated from the eastern or north-western shores of Lake Malawi as ornamental fishes. Of the 12 species, 11 were new to the area (Table 5) . Cases of ornamental fish trade operators relocating Mbuna from one side of the lake have been reported in other areas as well. In 1960s, an aquarium fish trader based at Cape Maclear introduced roughly 20 cichlid species from northern Lake Malawi to a single site (Mitande) at Thumbi west Island [5, 14] (see Table 6 for introduced Mbuna). One of such species is Cyanotilapia afra which was confined to Mitande point but during the 1990s it was reported to have hybridized with the native Metriaclima zebra [15] . Microsatellite DNA analysis confirmed this observation by showing that the admixture proportions were significantly different from northern versus southern populations separated by less than 1 km [14] . Source: adapted from Ref. [13] . 
Potential for Sustaining Harvesting of Mbuna for Ornamental Fish Trade
The fact that species diversity of Mbuna is still high in both protected and non-protected areas suggests that ornamental fish trade may not be harvesting the rock-dwelling Mbuna in excess of their maximum sustainable yields [17] . This is probably because Mbuna have high degree of endemism and catches by the aquarium trade operators is selective. That is, Mbuna are being caught in several places depending on their area of endemity. Considering the fact that ornamental fish trade is selective in the species that are collected for export and that the business has so far not led to considerable depletion of stocks and species, it would be advisable to integrate the trade in the conservation process of the Mbuna. [14] . Based on all these consequencies, it is likely that translocated species will establish themselves in these new sites.
The Effect of Mbuna Translocation
Conclusions
This paper has revealed several pointers with regards to the status of Mbuna in Lake Malawi. The general trend is that in most of the areas of the lake, Mbuna species richness is on the decline as evidenced by some species missing during the 2005 study which were in fact reported in 1983. There are however exceptions to this trend especially in the Lake Malawi National Park and Nkhata-Bay where there were additional species reported either in this study or others cited herein due to introductions made by ornamental fish trade operators. The species composition has also changed over the period as is portrayed by differences in the clustering patterns between sites in 1983 and 2005.
Several factors have contributed to the changes in species composition and richness. These include exploitation of Mbuna for food by fishermen and ornamental fish. With decline in the catches of "food" fish there has been intensive pressure of Mbuna which generally are not considered "food" fish.
The ornamental fish trade has two effects on Mbuna populations, namely depletion of species of high demand and translocation of species from one part of the lake to another. The practice of translocating fish has gone unnoticed in most parts of the lake, but in areas where these have been noticed there is a change in species composition and in some cases in the densities of Mbuna. There have so far been limited studies, if any, that have attempted to quantify the extent of Mbuna depletion attributable to ornamental fish traders in Lake Malawi.
